Glucosamine-induced desensitization of beta-cell responses: possible involvement of impaired information flow in the phosphoinositide cycle.
The influence of glucosamine on beta-cell response characteristics of collagenase-isolated rat islets was determined. Groups of islets were incubated for 2 h with myo-[2-3H]inositol to label their phosphoinositide (PI) pools. Also included in some experiments was glucosamine (0.1-10 mM). Subsequently, these islets were perifused, and their responses to 10 mM glucose, 10 mM alpha-ketoisocaproate (KIC), and 1 microM of the phorbol ester phorbol 12-myristate 13-acetate were assessed. Increases in PI hydrolysis were monitored during the perfusion by measuring fractional efflux rates of [3H]inositol. The accumulation of inositol phosphates after the perifusion was also determined. In other experiments, the use of 10 mM glucose was measured after a 2-h exposure to 5 or 10 mM glucosamine. Finally, the ability of glucosamine itself to augment release and activate PI hydrolysis was assessed. The following observations were made. 1) A prior 2-h exposure to 5-10 mM glucosamine resulted in parallel dose-dependent impairments in 10 mM glucose-induced insulin release and PI hydrolysis. 2) Glucosamine (5-10 mM) also impaired the subsequent response to alpha-ketoisocaproate (KIC). Parallel deficits in KIC-induced PI hydrolysis were noted under conditions where insulin secretion was impaired. 3) Under several conditions where glucosamine impaired glucose-induced secretion, it had no adverse effect on phorbol 12-myristate 13-acetate-induced release. 4) The desensitizing effect of 10 mM glucosamine on 10 mM glucose-induced release and PI hydrolysis developed within 30 min of exposure to it. 5) Glucosamine (5-10 mM) preexposure had no adverse effect on the use of 10 mM glucose by desensitized islets. 6) Short term (5-min) exposure to glucosamine (10 mM) alone stimulated PI hydrolysis, while a 30-min exposure to the same level of the hexosamine depressed it. 7) In the presence of 0.25 microM forskolin, 10 mM glucosamine also had a transient stimulatory effect on insulin release. These findings support the concept that the acute and chronic effects of glucosamine on the beta-cell result at least in part from its ability to influence PI hydrolysis in islets.